An analysis of the molecular dynamics of ethanol solvated by water molecules in the absence and presence of a Pt surface has been performed using DL_POLY_2.19 code. The structure and diffusion properties of an ethanol-water system have been studied at various temperatures from 250 to 600 K. We have measured the self-diffusion coefficients of the 50:50% ethanol-water solution; in the absence of a Pt surface our results show an excellent agreement -within an error of 7.4% -with the experimental data. An increase in the self-diffusion coefficients with the inclusion of a Pt surface has been observed. The estimation of the diffusion coefficients of both water and ethanol in the presence of a Pt surface shows that they obey the Arrhenius equation; the calculated activation energies of diffusion of ethanol and water are 2.47 and 2.98 Kcal/mole, respectively. The radial distribution function graphs and density profiles have been built; their correlations with the self-diffusion coefficients of both ethanol and water molecules are also illustrated.
INTRODUCTION
In recent years, there has been a great interest in studying the chemical and physical properties of ethanol on a Pt surface, as ethanol is one of the most important renewable fuels [1] . The intensive utilization of fossil fuels has led to an increase in the generation of polluting gases released into the atmosphere, which has caused changes in the global climate. The solution to this problematic depends on how the development and implementation of technologies based on alternative sources of energy will be undertaken. Among the renewable energetic resources, ethanol (ethyl alcohol, bioethanol) is the most practical liquid biofuel -both as a fuel and a gasoline enhancer. It is not toxic, does not contaminate water sources [2] , and can be produced in large quantities from agricultural products or biomass, which will not change the natural balance of carbon dioxide in the atmosphere in contrast to the use of fossil fuels [3] .
Ethanol has been considered in recent years, and it has a lot of applications. The most popular application is fuels because of a decrease in the available petroleum resources. For ethanol to be a fuel, the water content in ethanol should be less than 1.3% [4] , which is hard to reach by crystallization. Pervaporation separation is a valuable method that can save money, and therefore much research is focused on it. Direct ethanol fuel cells (DEFCs) are another important application for the conversation of chemical energy to electricity [5, 6] . Water and ethanol can be used not only in fuels, but also in other applications, such as being a solvent to accelerate the aging of some polymeric materials [7] and being used in commercial cooling systems because of their good thermophysical and technological characteristics [8] . An alcohol-water mixture often shows quite different properties than the corresponding pure components. Of particular interest are the structure and diffusion properties, which play important roles in the theoretical study and technological applications involving mass transfer [9] . In addition, from a microscopic viewpoint, the knowledge of solution structure behavior is very fundamental to understanding and elucidating the mixture diffusion phenomenon.
Molecular dynamics simulation is a powerful tool in investigating the structure properties of solutions at the molecular level, and it has been widely used to study aqueous solutions [10, 11] . Metal surfaces are often used in the synthesis of oxygen containing compounds, such as alcohols, and in the degradation of these oxygen-containing compounds, where carbon-carbon (C-C) and carbon-oxygen (C-O) bond formation and breakage are the elementary steps in this type of process, and the metal surface plays a primary role in the efficiency and selectivity of these steps [12] . Platinum is the most known catalyst for the oxidation of such molecule. It is known to activate the dissociative adsorption of ethanol at an appreciable rate [13] . Thus, studying the adsorption of ethanol on a platinum surface can give more information about the kinetics of this process. Molecular dynamics (MD) simulation is one of the most important computational tools to study the liquid-surface interaction. At a high temporal resolution, MD processes may provide information about the dynamics of the system and the events which take place on the surface within a few picoseconds [14] . The application of molecular dynamics to liquids or solvent-solute systems allows the computation of properties such as diffusion coefficients or radial distribution functions for use in statistical mechanical treatments [15] .
Few researches were performed on ethanol-water surface. C. Zhang and X. Yang studied the structure behavior and diffusion properties for an ethanol-water solution and investigated the concentration dependence of properties [9] . Wang Yao-Chun et al. used MD simulation to investigate the behavior of pure water molecules, ethanol molecules, and water-ethanol mixture with various weight fractions inside Au nanotubes [7] . D.J. Cooke et al. studied the interface between the {10 1 4} surface of calcite and pure ethanol, pure water, and 50:50 mixture (by amount) of water and ethanol [16] .
To the best of our knowledge, little is known from literature surveys about the interesting ethanol-water interactions in the presence of Pt surfaces. In the present work, using the MD method, we have simulated ethanol-water system in the absence and presence of a platinum surface through a wide temperature range -from 250 to 600 K -and calculated self-diffusion coefficients. The enhancement of the self-diffusion coefficients of both water and ethanol molecules correlating with the ethanol-water structure has been well established in the presence of a Pt surface.
SIMULATION METHOD
We have studied the molecular dynamics of a water-ethanol solution system in the absence and presence of a platinum surface using the DL_POLY_2. 19 
Simulation Details
Define Ethanol and water molecules are described using the force field from the DL_POLY data base [17, 18] , where bonding, angular, and dihedral parameters are incorporated into standard molecular mechanics potentials. Nonbonding interactions are accounted for via Lennard-Jones (LJ) potentials and Coulombic interactions based on the partial charges associated in each atom. For water, the SPC model is used. The computer simulations have been performed for a MD cell of a volume V=(54.92, 54.92, 63.8) Å 3 under the energy and temperature control at T = 298 K and other temperatures. Starting with a 50:50 (by molecules) water-ethanol solution, with a corresponding density of about 0.78 g/cm 3 and 588 Pt 4 molecules of 2352 atoms, the total number of atoms in the system was N = 16176; the chemical bonds are constrained within a flexible bond with a length of about 1 Å. The integration of the equations of motion was performed using the Verlet integration scheme in quaternion. The integration step was 1 fs (femtosecond); a microcanonical (nvt) ensemble was used for the simulated system, and the Nose-Hoover algorithm was employed to keep the desired temperature. The intermolecular chemical bonds were estimated on the basis of the Shake algorithm with an accuracy of 10 -8 . The Ewald summation with a convergence parameter of 10 -6 was used for the calculation of electrostatics forces in the periodic system. The total number of steps was 100000 for each temperature, and all simulations were periodic in three dimensions.
The configuration energy of the molecular model is represented as a sum of the energies of the bonding (E val )Openly accessible at http://www.scirp.org/journal/NS/ where E bond is the energy of chemical bonds, E ang is the energy of angular bonds, E dih is the energy of dihedral bonds, and E teth is tether energy.
The energy of the non-valence (non-bonded) interactions is a sum of the energies of the van-der-Waals (vdW), electrostatics (Coulomb), and hydrogen bonds:
During the MD simulations, the following potential types, which represent the topology of the molecular field for an ethanol-water system, were used [18] :
Harmonic bond potential:
.
Harmonic bond angle potential:
Harmonic dihedral potential:
The Lennard-Jones potential:
. (7) Coulombic interaction:
Quadratic tether potential:
The tether potential suggests that the momentum wills no longer be a conserved quantity of the simulation. The force on the atom "i" arising from the tether potential is obtained using the general formula: , (10) where σ ij is the size parameter, ε ij the energy parameter, σ ij = (σ i + σ j )/2 and
, q i is the charge of site i and r ij the distance between sites i and j. We choose the values of k = 0.2 and k' = 0.4 to avoid the destruction of our surface during heating process.
Water was represented by the constrained OW-HW bond potential; thus a SPC model was used. Tables 1-4 contain charges, bond lengths and intermolecular Lennard-Jones parameters for ethanol, water molecules, and a Pt surface respectively.
Metal Potential
DL_POLY_2 includes density-dependent potentials suitable for calculating the properties of metals. One of the potentials used in our MD simulation is the one described by Sutton and Chen (SC or st-ch) [19] : (11) . (12) Here i is a density-like term for atom i: Here the potential has three dimensionless parameters adjustable for the material. They are c, n, and m, and can be chosen for various materials, especially metals. The variable ε sets the energy scale; a is the lattice constant. Table 3 contains the potential parameters of SC of Pt surface which were used.
Simulation System
We have two simulated systems one for 50:50% ethanol-water in the absence and the other in presence of platinum surface. The number of molecules of Pt surface was kept constant (588 molecules), the density of water-ethanol mixture in the two systems was 0.78 g/cm 3 . The temperature of the system was varied from 250 to 600 K using the annealing process starting with 250 K then raises the temperature by 25 K in each simulation. Openly accessible at http://www.scirp.org/journal/NS/
Metal Surface
The metallic substrate used was cubic Pt, which has the formula Pt 4 ; and it was arranged in 6 layers numbering a total of 2352 atoms. The surface area was 60.38 Å 2 ; and the lattice constant was a = 3.923 Å. All the parameters of platinum were taken from EIM databases and datasets website supported by the Russian Foundation for Basic Research [20] . Figure 1 shows a snapshot of an equilibrated state of a water-ethanol-Pt system with a total of N = 2892 molecules where the locations of water and ethanol molecules on the surface are clearly seen.
RESULTS AND DISCUSSION
From the MD simulation results, we first estimated the self-diffusion coefficient D for both ethanol and water molecules. We measured D in the absence and presence of a Pt surface. The diffusion coefficient D was estimated for a 50:50% ethanol-water solution at 298 K in the absence of Pt; the results were compared with those of experimental [9] and other MD simulations [21, 22] . The diffusion coefficient of ethanol molecules D e derived from [21] -9 m 2 s -1 , which indicates that the presence of a Pt surface essentially affects the mobility of the ethanol and water molecules. The ethanol and water molecules form an adsorption layer on the Pt surface. So, we observe competition between the adsorption and diffusion processes as the molecules reach the metal surface; the surface and bulk molecules exhibit different behavior.
Next, in Figure 2 we present the self-diffusion coefficients for water (a) and ethanol (b). The temperature of the system was varied, and the temperature effect on the self-diffusion coefficient for both water and ethanol molecules were investigated. It is shown that the diffusion coefficients decrease with decreasing temperature, which is consistent with the formation of longer H-bonded chains at low temperatures. Initially, at a low temperature (250 K), the presence of a Pt surface had no effect on the value of D for both water and ethanol. After that, the role of Pt appears, and the enhancement of the D value in the presence of a Pt surface is clearly observed -especially at higher temperatures, which is consistent with Pt being a good catalyst for such molecules.
It is believed that the self-diffusion coefficient follows an Arrhenius-like relation with temperature [23] . The relationship is
As seen from Figure 3 , the diffusion coefficient of both water and ethanol in the presence of a Pt surface obeys the Arrhenius equation; the calculated apparent activation energies (E) of diffusion are 2.47 and 2.98 Kcal/mole for ethanol and water, respectively. These low E values explain the higher self-diffusion coefficients of both ethanol and water.
From our MD simulations, the diffusion coefficient is higher in the presence of a Pt surface than in its absence. Apparently, as experimental and theoretical results indicate, the diffusion coefficient is always higher in the presence of many metallic surfaces than in their absence. We observe a similar regularity in the presence of a Pt surface because it is a good catalyst of ethanol oxidation or dissociative adsorption. Such adsorption process makes the bulk of ethanol to adsorb on the surface, so it actively increases the mobility of the solution molecules toward the surface. In this aspect, a good correlation of our MD simulation results with experimental observations is clear.
It should be noted that all of the results presented above are constructed for a bulk solution, and they are not related specifically to the adsorbed molecules. It is well known that the 2D surface diffusion is different from that of a bulk solution. 
Intermolecular Structure
The structure of liquids is ordinarily expressed in terms of radial distribution functions (RDF) g(r). The most structured and interesting g(r) functions for liquid ethanol correspond to the O-H and O-O bonding. Figures 4a and 4b show the OW-HW and Oe-He RDF graphs of 50:50% ethanol-water mixtures. It is shown that Pt presence does not affect the RDF peak positions. However, the inclusion of a Pt surface notably affects the RDF amplitudes; the first peak at around 2 Å is a strong evidence of hydrogen bonding in the bulk of the solution. As we discussed before, the temperature of the system was raised by the annealing process by 25K in each simulation, starting from 250 K to 600 K. The RDF graphs representing the temperature effect on the water-water, ethanol-ethanol and water-ethanol interactions are shown in Figure 7 . It is seen that the liquids become more structured when T decreases. Also, the temperature changes do not affect significantly the peak positions, but only the height and depth of the peaks. The corresponding coordination numbers N C (r) for OW-He and Oe-HW, which are determined by the integration of the pair radial distribution functions, are plotted in the insets of Figures 7 (c and d, respectively) . The O-H coordination number is associated with hydrogen bonding information in the mixtures [24] 
Interaction with Pt surface
During the molecular dynamics simulation, the interfacial structure of ethanol and water adsorption on Pt was analyzed by calculating the normalized ethanol and water density profiles as functions of the distance from a Pt surface. The first highly ordered adsorption layer is seen in Figure 8 , where a simulation snapshot is shown together with a plot of the density of both ethanol and water molecules as a function of the perpendicular distance from the surface. From the density profile, there is a well-defined first adsorption layer from ~2 to 5 and one more diffuse layer from ~5 to 8 . For distances beyond ~10 , the relative density approaches unity as it would be expected in a bulk environment with no electrode influence. According to the present results, the interfacial region for ethanol adsorption on a Pt surface covers the range of 2-9 with disorganization increasing towards the bulk liquid. On the other hand, it is observed that the relative density of water in the first adsorption layer is very low relative to that of ethanol, but for the second layer it is different. From this result, we can suggest that hydrogen networks between water and ethanol are disrupted as the solution mixture approaches the Pt surface. At a large distance from the surface, the relative density of the liquids-ethanol and water-approaches unity as it would be expected in a bulk environment with no electrode influence. The results also imply that ethanol molecules push the water molecules away from the surface, thereby forming a strongly adsorbed layer on the Pt surface. It is important to note that the density profile falls to zero between the adsorption peak and the secondary peak, which means there is little or no movement of ethanol molecules between the adsorption layer and the bulk solvent within the time scale of the simulation. Openly accessible at http://www.scirp.org/journal/NS/ or ethanol is larger than that of the 50:50 liquid. From the density profile illustrated above, the density of ethanol molecules on the first layer is higher than that of water molecules. But for the second layer it is different; the law is opposite. From this we can suggest that the hydrogen networks between water and ethanol are disrupted; then, near the surface, the liquid mixture is more like either water or ethanol. The diffusion coefficient will become larger. For the RDF, its amplitude in the 50:50 cases is larger. Thus, water-water or ethanol-ethanol molecule interaction will intensify, thereby governing the total system's dynamics. The effect of temperature on the ethanol-Pt and water-Pt interaction is shown in Figure 9 . As we discussed before, the liquids become more structured when T decreases. Also, temperature changes affect only the peak amplitudes. By comparing g(r) for Pt-Oe and that for Pt-OW, we can find that g(r) for Pt-OW shows a marked decrease in the heights of peaks with increasing temperature; finally, no peaks are observed in its RDF graph at 600 K. In contrast to the RDF of Pt-OW, the heights of the peaks in the RDF graph of Pt-Oe do not behave so: only the height of the first peak slightly decreases, and the other peaks show slight increases in their heights with increasing temperature. All these results prove that at high temperatures most of water molecules get removed from the surface by ethanol molecules until only ethanol molecules are found at the Pt surface at 600 K (supplementary videos visualizing our system at 600 K are provided). The height of the first peak in the RDF graph of Pt-Oe slightly decreases with increasing temperature, which is due to the desorption process that can occur at higher temperatures. 
CONCLUSION REMARKS
We simulated a water-ethanol mixture in the presence and absence of a Pt surface using DL_POLY version 2.19. The self-diffusion coefficients of both water and ethanol in the presence and absence of a Pt surface were calculated; an excellent agreement with the experimental results has been found within an error of 7.4%. From our MD simulations the enhancement of the self-diffusion coefficients of both water and ethanol molecules related to the ethanol-water structure have been well-established in the presence of a Pt surface. As experimental and Openly accessible at http://www.scirp.org/journal/NS/ theoretical results indicate, the diffusion coefficient is always higher in the presence of many metallic surfaces than in their absence. The temperature of the system was varied using annealing process and its effects on self-diffusion coefficient and radial distribution functions (RDF) graphs were illustrated. The RDF graphs in addition to the density profile have been built, and RDF correlations with the self-diffusion coefficients of both ethanol and water molecules are illustrated.
